1. Introduction {#sec1}
===============

Antimicrobial resistance (AMR) is the major threat to human health growing in the field of infectious diseases mainly caused by bacteria, fungi, viruses and parasites. According to a survey in 2016, around 490,000 people have multidrug-resistant Tuberculosis (MDR-TB) worldwide, and the drug resistance is commencing to complicate the battle against HIV as well as malaria \[[@bib1]\]. With the passage of time the need for effective antimicrobial has become essential to control the spread of "superbugs": microorganisms that develop antimicrobial resistance are sometimes referred to as superbugs \[[@bib2]\].

The triazoles have grabbed significant attention of organic and medicinal chemists since the inception of copper catalyzed azide-alkyne cycloaddition (CuAAC) \[[@bib3]\]. This method has superiority over conventional thermal method \[[@bib4]\] where reaction of an alkyne and azide would generate a mixture of both 1,4- and 1,5-disubstituted 1,2,3-triazoles. While in CuAAC exclusively 1,4-disubstituted 1,2,3-triazoles are obtained \[[@bib5]\] in excellent yields which have very promising role in pharmaceutical industry \[[@bib6]\].

The importance of triazoles in medicinal chemistry is inevitable with respect to both biological and pharmaceutical applications \[[@bib7]\]. Recently 1,2,3-triazoles have emerged as active components in the agrochemical \[[@bib8]\], pesticidal, polymer \[[@bib9]\] and materials chemistry fields \[[@bib10], [@bib11]\]. 1,2,3-Triazoles also know to exhibit applications as optical brighteners \[[@bib12]\], corrosion inhibitors \[[@bib13]\], photostabilizers for fibres, plastics or dyes \[[@bib14]\], and UV-screens for the protection of human skin \[[@bib15]\]. In addition, several compounds of the 1,2,3-triazole family have shown a broad spectrum of biological properties such as antibacterial \[[@bib16]\], anti-HIV activity,\[[@bib17]\] anticancer \[[@bib18]\], antifungal \[[@bib19]\], herbicidal \[[@bib20]\], antiallergic \[[@bib21]\] and anti-tuberculosis \[[@bib22]\]. 1,2,3-Triazole moiety is present in many available drugs \[[@bib23]\] and lately 1,2,3-triazole hybrids are getting attention of many pharmacists partly due to their ease of formation by coupling two desired structural cores. There are several reports on the antibacterial activity of triazoles \[[@bib24], [@bib25]\]. Recently Zhang reported a comprehensive review on the recent advances of 1,2,3-triazole hybrids as potential anti-bacterial agents \[[@bib26]\].

Some representative examples of 1,2,3-triazole hybrids with significant anti-bacterial potential are shown in [Fig. 1](#fig1){ref-type="fig"} \[[@bib27]\].Fig. 1Some representative examples of 1,2,3-triazole hybrids having anti-bacterial potential.Fig. 1

As part of our ongoing research on synthesis and biological investigation of 1,2,3-triazoles \[[@bib7c]\], it was hypothesized that combining the structural features of vanillin and triazoles could lead to effective anti-bacterial candidates. In the present study we report the synthesis of novel derivatives of 1,2,3-triazoles *via* click strategy using copper catalyzed azide-alkyne cycloaddition (CuAAC). Using this strategy mono and homo-dimers of 1,2,3-triazoles were synthesized in search of new antibacterial agents. The modifications involved the introduction of vanillin as main structural core to explore its anti-bacterial potential because to the best of our knowledge vanillin has not been used before as anti-bacterial agent and propyloxy group to control lipophilic character. A variety of aromatic substituents are utilized to delineate the pharmacophoric features established for inhibition of bacterial DNA synthesis and cellular growth. The synthesized compounds were investigated for potential antibacterial activity against different gram positive and gram negative bacterial strains. Molecular docking analysis to selected bacterial Thymidylate kinase (TMPK) enzyme were adopted to aid understanding the possible binding modes and interactions between the synthesized compounds and protein target.

2. Results and discussion {#sec2}
=========================

2.1. Chemistry {#sec2.1}
--------------

Various alkyl azides **2a-k** were prepared according to previously reported procedure \[[@bib7c]\]. For this purpose various bromopropoxy arenes were refluxed with sodium azides to get 3-azidopropoxy arenes **2a-f** as shown in [Scheme 1](#sch1){ref-type="fig"}. Some *bis*(azidopropoxy)aryl compounds **2g-k** were also synthesized. The alkyne partner **1a** namely 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde was synthesized starting from easily available vanillin while **1b** *bis*(3-methyl-4-(prop-2-yn-1-yloxy)phenyl)methane from 4,4′-methylene*bis* (2-methylphenol) by propargylation in the presence of potassium carbonate as base ([Scheme 1](#sch1){ref-type="fig"}). The synthesized azides **2a-k** were then reacted with alkyne partner **1** in the presence of Cu(I) catalyst which was generated *in situ* by the reduction of CuSO~4~.5H~2~O with sodium ascorbate to deliver 3-methoxy-4-((1-(3-arylpropyl)-1*H*-1,2,3-triazol-4-yl)methoxy)benzaldehyde **3a-k** in good yield ([Scheme 1](#sch1){ref-type="fig"}). All the synthesized triazoles were structurally characterized by IR, NMR, Mass spectrometry and by elemental analysis.Scheme 1Synthesis of 1,2,3-triazoles (3a-f) and *bis*-triazoles (3g-k) using click reaction.Scheme 1

2.2. Spectroscopic analysis {#sec2.2}
---------------------------

The ^1^H NMR spectra of all the products showed a characteristic signal as singlet in the region of 9.8 ppm due to the proton of CHO of aldehyde, while a characteristic signal due to C=C*H*N proton of triazole ring appeared at 8.20--8.25 ppm (Figs. S1-S8). IR spectra showed characteristic bands at 1700-1705 cm^−1^ for C=O functional moiety while absorption in the range of 2100--2200 was observed for C=C (Figs. S9-S12).

2.3. Biological activity {#sec2.3}
------------------------

The synthesized series of triazoles **3a-k** was subjected to antibacterial activity and were screened to determine their *in vitro* ability to inhibit the growth of selected pathogens by well diffusion method using Mueller Hinton agar. The antibacterial inhibition was tested against eight Gram-positive bacterial strains such as *Bacillus subtilis, Methicillin-resistant Staphylococcus aureus* (MRSA) (NCTC 10442), *Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus, Streptococcus pyogenes, Enterococcus faecalis, Vancomycin-resistant Enterococcus;* and five Gram-negative bacterial strains such as *Escherichia coli, Pseudomonas aeruginosa, Shigella, Klebsiella pneumonia and Enterobacteriaceae.*

The % inhibition of all the compounds against gram positive bacteria are given in [Table 1](#tbl1){ref-type="table"}, while for gram negative bacteria are given in [Table 2](#tbl2){ref-type="table"}. The zone of inhibition is calculated in mm using standard agar well diffusion method\[[@bib28]\]. The values are compared using a control (Ciprofloxacin) which was prepared in the same way as the plates using DMSO as a solvent and all experiments were run in a triplicate. The minimum inhibitory concentration (MIC) values were calculated by agar dilution method \[[@bib29]\].Table 1In vitro antibacterial screening of synthesized 1,2,3-triazoles (3a-k) against gram positive bacterial strains as Minimum Inhibitory Concentrations (MIC, μg/mL) with SD ± 0.02 and zone of inhibition (mm) with SD ± 2.Table 1Gram positive Bacterial strains[a](#tbl1fna){ref-type="table-fn"}\
MIC±0.02 (Zone of inhibition±2)Compound*B. subtilisS. aureusS. epidermidisS. saprophyticusS. pyogenesE. FaecalisVRE*MRSA\
N315NCTC 104423a5 (22)5 (19)15 (20)5 (22)5 (20)10 (13)10 (19)15 (14)3b5 (10)10 (4)10 (18)15 (10)10 (22)10 (12)5 (17)10 (18)3c5 (22)5 (23)15 (13)-[b](#tbl1fnb){ref-type="table-fn"}-5 (15)10 (22)-3d5 (12)15 (18)15 (10)-10 (22)5 (18)-10 (15)3e10 (10)15 (21)15 (14)15 (10)5 (20)15 (12)10 (22)5 (14)3f10 (5)15 (19)-5 (25)5 (20)10 (15)15 (13)-3g5 (22)5 (22)10 (18)5 (22)5 (20)10 (13)10 (16)5 (22)3h15 (10)10 (22)15 (20)5 (22)-15 (14)10 (20)15 (15)3i15 (10)10 (22)10 (21)10 (18)10 (20)15 (17)5 (22)5 (21)3j10 (20)10 (22)-10 (25)15 (14)15 (18)\--3k5 (10)10 (22)10 (18)15 (10)15 (16)15 (20)5 (18)-Control (Ciprofloxacin)5 (18)10 (20)5 (20)10 (15)15 (22)15 (21)5 (22)5 (20)[^1][^2]Table 2Antibacterial screening of synthesized 1,2,3-triazoles (3a-k) against gram negative bacterial strains as Minimum inhibitory concentrations (MIC, μg/mL) with SD ± 0.02 and zone of inhibition (mm) with SD ± 2.Table 2Gram negative Bacterial strains[a](#tbl2fna){ref-type="table-fn"}\
MIC±0.02 (Zone of inhibition±2)Compounds*E. coliP. aeruginosaS. dysenteriaeK. pneumonia*3a10 (13)10 (15.5)5 (19.5)5 (20)3b15 (17)15 (19)5 (20)10 (15.5)3c10 (15)10 (18)5 (20)5 (20)3d5 (18)10 (22)5 (22)10 (20)3e15 (11.5)10 (18.5)10 (15.5)5 (16)3f15 (15)15 (18)10 (18)5 (20)3g5 (24)5 (20)10 (12)15 (10)3h10 (14)10 (22)-[b](#tbl2fnb){ref-type="table-fn"}-3i10 (15.5)15 (20.5)15 (19)10 (16.5)3j10 (17)15 (19)10 (20)15 (12)3k10 (13)15 (15.5)10 (19.5)15 (20)Control (Colistine)5 (20)10 (15)10 (18)15 (15)[^3][^4]

### 2.3.1. In vitro antibacterial activity {#sec2.3.1}

The synthesized library of triazoles **(3a-k)** showed promising activity against most of the strains of bacteria. From these results a structure activity relationship (SAR) can be deduced for the tested triazoles. The antibacterial screening was explored by varying the differently substituted aromatics at propyl group on position one of 1,2,3-triazoles **(3a-k)**. Different electron donating (-CH3) and electron withdrawing (-Br, -Cl and -NO2) substituents on the aromatic rings of azide partner were tried to unravel the antimicrobial potency. Overall *bis*-1,2,3-triazoles **(3g-k)** were found to be more potent against gram positive bacterial strains ([Table 1](#tbl1){ref-type="table"}). Compound **3g** with benzene ring as aromatic linker between both triazoles showed promising activity against *Bacillus subtitles, Methicillin-resistant Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus* and *Vancomycin-resistant Enterococcus*. In the first two strains it inhibited the growth even more then the positive control ciprofloxacin. A comparison of inhibition potential of compound **3g** with control against gram-positive bacterial strains has been shown in [figure 2](#fig2){ref-type="fig"}. When linker was replaced with bulky naphthyl or diphenylmethyl groups, the decrease in activity against various gram-positive strains was observed ([Table 1](#tbl1){ref-type="table"}, compounds 3h-k).Fig. 2Antibacterial activity of compound 3g and ciprofloxacin (control) against gram-positive bacterial strains (comparison of zone of inhibition).Fig. 2

Against gram-negative strains most of the compounds showed promising susceptibility and compound **3g** showed good inhibition activity against growth of *Escherichia coli* and *Pseudomonas aeruginosa* while in case of *Klebsiella pneumonia* and *Shigella dysenteriae* it was moderately potent. Compound **3b** bearing at propoxy phenyl ring also appeared antbacterial against *Pseudomonas aeruginosa* & *Shigella dysenteriae*. Changing the 3-nitro group as 4-nitro in **3c** showed similar activity not only for these two but also for *Klebsiella pneumonia*. Compounds **3d** to **3f** were moderate to good inhibitors of bacterial growth. Compound **3h** did not show any activity against *Shigella dysenteriae* and *Klebsiella pneumonia* but it was intermediate inhibitor for *E. coli* and *P. aeruginosa*.

A broader pattern was observed for activity of other triazoles and *bis*-triazoles against gram negative bacterial strains, so a generalized SAR could not be established. Although some compounds such as **3a** was quite potent against *Klebsiella pneumonia*. While compound **3g** was more potent against *P. aeruginosa*. Overall most of the compounds showed good to moderate activity against various strains of bacteria.

2.4. Molecular docking {#sec2.4}
----------------------

The mechanism of anti-bacterial drugs generally includes the inhibition of cell wall synthesis, inhibition of protein synthesis, inhibition of nucleic acid (DNA) synthesis and anti-metabolism \[[@bib30]\]. In general, the antibiotics inhibit these routes by interacting with specific cell proteins which are responsible for specific activity. Thymidylate kinase (TMPK), a nucleotide 50-monophosphate kinase, contains an evolutionarily conserved essential enzyme which catalyzes the biosynthetic pathway that generates dTTP used for DNA synthesis of bacterial cells \[[@bib31]\]. Since ciprofloxacin acts by inhibiting the DNA gyrase which is necessary to separate the bacterial DNA resulting in the cell division inhibition therefore, we took the TMPK as target protein to explore the molecular interactions between synthesized ligands and target protein which are responsible for the antibacterial activity of triazoles.

### 2.4.1. Binding energy evaluations {#sec2.4.1}

In general, to evaluate the prediction of accuracy of binding affinity between ligands and target protein, the binding free energies (ΔG) for the crystal structures and the docking models are calculated. The lower values of binding energy indicate the binding strength of the ligands. Therefore, to predict the binding strength of our synthesized ligands, the ligand-protein docked complexes were analyzed based on minimum binding energy values and ligand interaction (hydrogen/hydrophobic) pattern.

Docking results justified that compounds (**3a-k**) possessed good binding energy values (-9.8 to -7.3 kcal/mol), as mentioned in [Table 3](#tbl3){ref-type="table"}. It has been observed that since the structural skeleton of compounds **3a-g** are comparable of **3h-k**, therefore, the binding energy values were also in similar pattern. In all docking affinity values, the predicted energy values were not higher than 2.5 kcal/mol indicating that the synthesized ligands were fitted well in the active pocket of the targeted protein. Therefore, the *in vitro* results were focused to check their binding profile. The highest ranked poses were extracted from each binding site and were used as starting points for the molecular dynamics (MD) calculations without further modifications.Table 3Docking energy values (ΔG in Kcal/mol) of synthesized compounds (**3a-k**).Table 3CompoundDocking energy (Kcal/mol)3a-7.43b-8.63c-7.93d-8.63e-8.43f-7.63g-7.33h-9.53i-9.43j-8.73k-9.8

### 2.4.2. Binding pocket and structure activity relationship (SAR) analysis {#sec2.4.2}

The docking study explored the actual binding pattern within the active site of the target protein. Most of the ligands confined within the active site of the target protein having different conformational positions as shown in [Fig. 3](#fig3){ref-type="fig"}. All the compounds were further analysed through structure-activity relationship (SAR) analysis and their docked complexes in the binding pocket of target protein are provided in the supplementary data (Figs. S13-S23).Fig. 3Docked poses of all the synthesized triazole (3a-k) in the active site of target protein.Fig. 3

Based on the experimental results, the most active compound **3g** was used to interpret the binding behavior of newly synthesized ligands against target protein. The binding pocket residues were observed from PDB and literature data \[[@bib32], [@bib33]\]. Binding pocket analysis showed that compound **3g** binds within the active region of target protein ([Fig. 4](#fig4){ref-type="fig"} A, B).Fig. 4Binding pose of compound 3g in the active site of target protein (A) and conformational behavior within the active site of the target protein (B).Fig. 4

Based on bacterial activity results, **3g** was selected to check their binding profile against target protein. Results justified that **3g** firmly binds with active binding residues of TMPK which functionally participate in the inhibition of DNA synthesis ([Fig. 5](#fig5){ref-type="fig"}A). It has been observed that couple of hydrogen bonds were observed at Ser68 and Glu10 against **3g** with different bonding distances. The oxygen atom at benzene ring formed hydrogen bond with Ser68 with bond length 1.93 Å, whereas, amino group at five membered ring structure was involve in hydrogen bond at Glu10 through bond length 2.97 Å ([Fig. 5](#fig5){ref-type="fig"}B).Fig. 5Docking of 3g with TMPK. (A) The docking complex of 3g-TMPK is mentioned in light gray and purple color in ribbon format. Whereas, active binding residues and ligand is represented in orange and yellow color respectively. (B) The closer view of docking complex to justify the interaction behavior of 3g against target protein. The red color labelled residues are actively participated in hydrogen bonding and their distances were mentioned in angstrom (Å).Fig. 5

Moreover, **3g**-docking complex in 2D format has been mentioned in supplementary data (Figure S19). Two amino acids Asp146 and Asp90 were binds with 3g through electrostatic interaction. Moreover, Ile41 binds with 3g though Pi-sigma bonding. These interactions along with hydrogen bonding showed good stability in **3g**-docking complex. Prior research also showed that π-π stacking is essential for the favorable electron correlation, whereas cation-π contacts produce further electrostatic contributions \[[@bib34]\]. The **3g**-docking complex and 4QGG proteins were superimposed to check the ligands imposition (Figure S24). The data showed that benzene ring with oxygen atom in **3g** showed their superimposition with compound embedded in TMPK structure. The 2D depiction of docking interactions for all other compounds are mentioned in Figs. S13-S23 in the supplementary data. The predicted results showed that our designed ligand could be used as novel therapeutic agent against bacterial infections.

3. Conclusion {#sec3}
=============

In summary a series of new vanillin-derived 1,2,3-triazoles and *bis* 1,2,3-triazoles substituted with different aromatic rings were synthesized *via* \[3 + 2\] cycloaddition of arylpropoxy azides and terminal alkynes. Structural confirmation of compounds was performed by spectroscopic and elemental analysis. Their anti-microbial activity was evaluated against gram-positive strains including *B. subtilis, Methicillin-resistant S. aureus, S. aureus, S. epidermidis, S. saprophyticus, S. pyogenes, E. faecalis, Vancomycin-resistant Enterococcus* as well as gram-negative strains such as *E. coli, P. aeruginosa, Shigella* and *K. pneumonia* using agar well diffusion method. The preliminary anti-bacterial screening of synthesized triazoles manifested moderate to good *in vitro* anti-microbial potency. Among mono 1,2,3-triazoles, compound **3a** and **3b** containing electron withdrawing -Br & -NO2 groups at 3- and 4-position of aryl group were more active against gram positive bacteria (MIC: 5 μg/mL) while **3c-3f** exhibited moderate activity (MIC: 5--15 μg/mL). The compound **3g** among *bis* 1,2,3-trizoles **(3g-k)** was the most active in the series for most of the gram-positive and gram-negative strains (MIC: 5 μg/mL). To explore the mechanism of action of potential compounds **(3a-k)** theoretically, further computational studies were performed. The molecular docking studies buoyed that compound **3g** can work as lead inhibitor of bacterial DNA synthesis due to conformational fitting in the active site of targeted protein.

These results demonstrated that vanillin-derived 1,2,3-triazoles **(3a-3f)** and *bis*-1,2,3-triazoles **(3g-3k)** could be of biological significance, specially *bis*-1,2,3-triazoles have the perspective as new members of anti-microbial agents.

4. Experimental {#sec4}
===============

4.1 General remarks and instrumentation {#sec4.1}
---------------------------------------

All the chemicals and solvents of analytical grade were purchased from commercial sources and were used as such without further purification. The reactions were performed under normal atmospheric conditions. Thin layer chromatography (TLC) was performed on precoated silica gel plates (F254 grade - 0.2 mm thickness) and were visualized under UV light at 256 nm & 365 nm. Manual column chromatography was performed on SiO~2~ gel 80--100 mesh with positive air pressure. The melting points were recorded on electrothermal 1101D Mel-Temp digital melting point apparatus. IR spectra of were recorded on a ThermoScientific Nicolet 6700 FTIR spectrometer using potassium bromide (KBr) disks. The disks were prepared from powdered samples (2 mg) mixed with dry KBr and spectra were recorded in absorbance mode from 4000 to 400 cm⁻^1^. ^1^HNMR spectra were recorded on 300 MHz Bruker spectrometer in deuterated dimethyl sulphoxide (DMSO-d6) containing TMS as internal standard. Chemical shift values are given in parts per million (ppm). The mass spectra were recorded using MAT CH-5 spectrophotometer at 70 eV EI. The above triazole compounds were synthesized according to literature.^7c^

4.2 Chemistry {#sec4.2}
-------------

### 4.2.1. Synthesis of 1a {#sec4.2.1}

To a stirred solution of Vanillin (0.76 g, 5.0 mmol) in dry DMF (15 mL), anhydrous potassium carbonate (15.0 mmol) was added and heated to 55--60 °C for 30 min under inert atmosphere. The mixture was then cooled to room temperature and propargyl bromide (80% solution in toluene) (1.02 g, 8.62 mmol) was added dropwise through a septum using syringe. The mixture was stirred for 2 h at 60 °C and poured on the ice water with stirring. Stirring was continued for 10 min, the solid separated was filtered and dried under vacuum to afford the desired compound **1a**.

### 4.2.2. Synthesis of alkyl or arylpropoxy azides (2a-k) {#sec4.2.2}

To a stirred solution of arylpropoxy bromide (5.0 mmol), a slight excess of sodium azide (10.0 mmol) was added in the presence of dimethylformamide as solvent (15 mL). The reaction mixture was stirred at room temperature for 1--2 h. Afterwards dimethylformamide was removed by large dilution with water and extraction with chloroform. The organic layers were collected, dried with anhydrous Na~2~SO~4~ and filtered. The filtrate was evaporated to get arylpropoxy azides **(2a-k)**. These azides were used in further reactions without any purification.

### 4.2.3General experimental procedure for the synthesis of 1,4-disubstituted 1,2,3-triazoles (3a-f) {#sec4.2.3}

In a 100 mL round bottomed flask containing stirred solution of 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) in 20 ml DMF was added appropriate 1-(3-azidopropoxy)aryl (**2a-k**) (10.6 mmol, 2 equiv). After formation of clear solution, 5 mol % copper (II) sulphate pentahydrate (0.05 equiv) and 20 mol % sodium ascorbate (0.2 equiv) was added under constant stirring. The reaction was heated at 100 °C for 12 h (monitored by TLC, solvent system; EtOAc:*n*-Hexane). After completion of reaction the color of reaction mixture was changed from green to brown. DMF was separated by freeze drying and filtered through filter paper. Reaction mixture was dissolved in dichloromethane and solvent was evaporated under reduced pressure. The products were purified by silica gel column chromatography using ethyl acetate:*n*-hexane (3:7) as eluent.

### 4.2.4. Synthesis and characterization data of 1,2,3-triazoles (3a-f) {#sec4.2.4}

#### 4.2.4.1. 4-((1-(3-(4-bromophenoxy)propyl)-1*H*-1,2,3-triazol-4-yl)methoxy)-3-methoxybenzaldehyde (3a) {#sec4.2.4.1}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) was reacted with 1-(3-azidopropoxy)-4-bromobenzene **2a** (2.7 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3a** was obtained in 82% Yield; m.p. 101--102 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2285 (C=C); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.8 (s, 1H, Ar-C*H*O), 8.3 (s, 1H, *H*-triazole), 7.5 (m, 2H, Ar--*H*), 7.4 (dd, *J* = 10.9, 7.3 Hz, 2H, Ar--*H*), 7.2 (d, *J* = 6.8 Hz, 2H, Ar--*H*), 6.8 (d, *J* = 7.1 Hz, 1H, Ar--*H*), 5.2 (s, 2H, OC*H*~2~), 4.5 (t, *J* = 5.7 Hz, 2H, OC*H*~2~), 4.0 (s, 3H, OC*H*~3~), 3.8 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~); ^EI−^MS m/z (%): 445 (M^+^, 100); Anal. Calcd for C~20~H~20~BrN~3~O~4~ (445): C, 58.82; H, 8.51; N, 9.41; O, 23.26 % Found: C, 58.80; H, 8.50; N, 9.51; O, 22.26 %.

#### 4.2.4.2. 3-methoxy-4-((1-(3-(3-nitrophenoxy)propyl)-1*H*-1,2,3-triazol-4-yl)methoxy)benzaldehyde (3b) {#sec4.2.4.2}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) was reacted with 1-(3-azidopropoxy)-3-nitrobenzene **2c** (2.3 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3b** was obtained in 57% Yield; m.p. 129--130 °C; IR (KBr) ν~max~/cm^−1^, 1130 (C--O), 1677, 2189 (C=C); ^1^H NMR (300 MHz, DMSO-d6) δ: 8.23 (s, 1H, *H*-triazole), 7.8 (d, *J* = 7.3 Hz, 1H, Ar--*H*), 7.6 (s, 1H Ar--*H*), 7.5 (t, *J=* 8.2 Hz, 1H, Ar--*H*), 7.3 (dd, *J* = 10.9, 7.3 Hz, 1H, Ar--*H*), 7.0--6.8 (m, 4H, Ar--*H*), 5.1 (s, 2H, OC*H*~2~), 4.5 (t, *J* = 5.8 Hz, 2H, OC*H*~2~), 4.2 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 3.7 (s, 3H, OC*H*~3~), 2.3--2.2 (m, 2H, ArOCH~2~CH~2~C*H*~2~N); EI-MS m/z (%):526 (M+, 100): Anal. Calcd for C~30~H~30~N~4~O~5~ (526); C, 58.17; H, 7.10; N, 10.60; O, 23.28 % Found: C, 58.20; H, 7.11; N, 10.90 O, 24.00 %.

#### 4.2.4.3. 3-methoxy-4-((1-(3-(4-nitrophenoxy)propyl)-1*H*-1,2,3-triazol-4-yl)methoxy)benzaldehyde (3c) {#sec4.2.4.3}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 1-(3-azidopropoxy)-4-nitrobenzene **2c** (2.3 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3c** was obtained in 78% Yield; m.p. 105--106 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2210 (C=C, CN); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.6 (s, 1H, Ar-C*H*O), 8.1 (s, 1H, *H*-triazole), 7.5 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 7.4 (d, *J* = 7.5 Hz, 2H, Ar--*H*), 7.3 (d, *J* = 6.9 Hz, 2H, Ar--*H*), 6.9 (d, *J* = 7.8 Hz, 1H, Ar--*H*), 5.1 (s, 2H, OC*H*~2~), 4.4 (t, *J* = 5.4 Hz, 2H, OC*H*~2~), 4.0 (s, 3H, OC*H*~3~), 3.6 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~); EI-MS m/z (%): 412.14 (M^+^, 100), 413.14 (23.6); Anal. Calcd for C~20~H~20~N~4~O~6~ (412.14): C, 58.25; H, 4.89; N, 13.59; O, 23.28 % Found: C, 56.26; H, 5.90; N, 14.60; O, 22.26 %.

#### 4.2.4.4. 3-methoxy-4-((1-(3-(naphthalen-2-yloxy)propyl)-1*H*-1,2,3-triazol-4-yl)methoxy) benzaldehyde (3d) {#sec4.2.4.4}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 2-(3-azidopropoxy)naphthalene **2d** (2.4 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3d** was obtained in 66% Yield; m.p. 111--112 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2285 (C=C, CN); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.6 (s, 1H, Ar-C*H*O), 8.3 (s, 1H, *H*-triazole), 7.9 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 7.6 (d, *J* = 7.4 Hz, 1H, Ar--*H*), 7.5 (d, *J* = 7.5 Hz, 1H, Ar--*H*), 7.4 (dd, *J* = 9.9, 7.3 Hz, 1H, Ar--*H*), 7.3 (d, *J* = 7.8 Hz, 2H, Ar--*H*), 7.1 (d, *J* = 7.2 Hz, 2H, Ar--*H*), 6.9 (d, *J* = 7.3 Hz, 1H, Ar--*H*), 5.2 (s, 2H, OC*H*~2~), 4.2 (t, *J* = 5.7 Hz, 2H, OC*H*~2~), 4.1 (s, 3H, OC*H*~3~), 3.8 (t, *J* = 6.7 Hz, 2H, N~3~C*H*~2~), 2.3--2.1 (m, 2H, ArOCH~2~C*H*~2~CH~2~); EI-MS m/z (%): 417.2 (M^+^, 100); Anal. Calcd. for C~24~H~23~N~3~O~4~ (417): C, 61.05; H, 5.55; N, 10.00; O, 23.66. % Found: C, 61.50; H, 5.51; N, 10.30; O, 23.11 %.

#### 4.2.4.5. 3-methoxy-4-((1-(3-(naphthalen-1-yloxy)propyl)-1*H*-1,2,3-triazol-4-yl)methoxy) benzaldehyde (3e) {#sec4.2.4.5}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 1-(3-azidopropoxy)naphthalene **2e** (2.4 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3e** was obtained in 62% Yield; m.p. 109--110 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2315 (C=C, CN); ^1^H NMR (DMSO-d6) δ: 9.60 (s, 1H, Ar-C*H*O), 8.3 (s, 1H, *H*-triazole), 7.7 (s, 2H, Ar--*H*), 7.6 (s, 1H, Ar--*H*), 7.5 (d, *J* = 7.2 Hz, 2H, Ar--*H*), 7.4 (d, *J* = 7.3 Hz, 1H, Ar--*H*), 7.3 (dd, *J* = 7.2, 5.1 Hz, 1H, Ar--H), 7.1 (d, *J* = 7.3 Hz, 2H, Ar--*H*), 6.9 (d, *J* = 7.5 Hz, 1H, Ar--*H*), 5.1 (s, 2H, OC*H*~2~), 4.4 (t, *J* = 5.8 Hz, 2H, OC*H*~2~), 4.0 (s, 3H, OC*H*~3~), 3.8 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~); EI-MS m/z (%): 417 (M^+^, 100); Anal. Calcd. for C~24~H~23~N~3~O~4~ (412.14): C, 61.05; H, 5.55; N, 10.07; O, 22.89 % Found: C, 61.22; H, 5.41; N, 10.29; O, 23.11 %.

#### 4.2.4.6. 4-(3-(4-((4-formyl-2-methoxyphenoxy)methyl)-1*H*-1,2,3-triazol-1-yl)propoxy)-3-methoxy benzaldehyde (3f) {#sec4.2.4.6}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 4-(3-azidopropoxy)-3-methoxybenzaldehyde **2f** (2.5 g, 10.6 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3f** was obtained in 69% Yield; m.p. 114--115 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2180 (C=C); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.5 (s, 1H, Ar-C*H*O), 9.0 (s, 1H, Ar-C*H*O), 8.3 (s, 1H, *H*-triazole), 7.7 (s, 1H, Ar--*H*), 7.5 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 7.1 (d, *J* = 7.2 Hz, 2H, Ar--*H*), 6.9 (d, *J* = 6.8 Hz, 1H, Ar--*H*), 5.2 (s, 2H, OC*H*~2~), 4.0 (t, *J* = 5.8 Hz, 2H, OC*H*~2~), 3.7 (t, *J* = 6.7 Hz, 2H, N~3~C*H*~2~), 3.6 (s, 3H, ArOC*H*~3~), 3.5 (s, 3H, ArOC*H*~3~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~); EI-MS m/z (%): 425 (M^+^, 100); Anal. Calcd. for C~22~H~23~N~3~O~6~ (425.43): C, 62.11; H, 5.45; N, 9.88; 22.99. % Found: C, 62.10; H, 5.46; N, 9.86; 23.11 %.

### 4.2.5 General experimental procedure for the synthesis of *bis*-triazoles (3g-k) {#sec4.2.5}

In a 100 mL round bottomed flask containing stirred solution of 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) in 20 ml DMF was added appropriate *bis*1-(3-azidopropoxy)aryl (**2g-k)** (16.8 mmol, 3 equiv). After formation of clear solution, 5 mol % copper (II) sulphate pentahydrate (0.05 equiv) and 20 mol % sodium ascorbate (0.2 equiv) was added under constant stirring. The reaction was heated at 100 °C for 12 h (monitored by TLC, solvent system; EtOAc:*n*-Hexane). After completion of reaction the color of reaction mixture was changed from green to brown. DMF was separated by freeze drying and filtered through filter paper. Reaction mixture was dissolved in dichloromethane and solvent was evaporated under reduced pressure. The products were purified by silica gel column chromatography using ethyl acetate:*n*-hexane (3:7) as eluent.

### 4.2.6. Synthesis and characterization data of *bis*-triazoles **(3g-k)** {#sec4.2.6}

#### 4.2.6.1. 4,4\'-(((((1,3-phenylene*bis*(oxy))*bis*(propane-3,1-diyl))*bis*(1*H*-1,2,3-triazole-1,4-diyl))*bis* (methylene))*bis*(oxy))*bis*(3-methoxybenzaldehyde) (3g) {#sec4.2.6.1}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 1,3-*bis*(3-azidopropoxy)benzene **2g** (4.6 g, 16.8 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3g** was obtained in 78% Yield; m.p. 122--123 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 1700 (C=C, C=N); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.4 (s, 1H, Ar-C*H*O), 8.3 (s, 1H, *H*-triazole), 7.4 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 7.3 (d, *J* = 7.4 Hz, 2H, Ar--*H*), 7.2--7.0 (m, 2H, Ar--*H*), 6.5 (d, *J* = 7.3 Hz, 1H, Ar--*H*), 5.2 (s, 2H, ArOC*H*~2~), 4.1 (t, *J* = 5.7 Hz, 2H, OC*H*~2~), 3.9 (t, *J* = 56.6 Hz, 2H, N~3~C*H*~2~), 3.6 (s, 3H, ArOC*H*~3~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~); ESI-MS m/z (%): 656 (M^+^, 100): Anal. Calcd for C~34~H~36~N~6~O~8~ (656.26); C, 62.19; H, 5.53; N, 12.80; O, 19.49 %. Found: C, 62.20; H, 5.60; N, 12.81; O, 19.40 %.

#### 4.2.6.2. 4,4\'-(((((naphthalene-2,7-diyl*bis*(oxy))*bis*(propane-3,1-diyl))*bis*(1H-1,2,3-triazole-1,4-diyl))*bis*(methylene))*bis*(oxy))*bis*(3-methoxybenzaldehyde) (3h) {#sec4.2.6.2}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 2,7-*bis*(3-azidopropoxy)naphthalene **2h** (5.5 g, 16.8 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3h** was obtained in 82% Yield; m.p. 148--149 °C; IR (KBr) ν~max~/cm^−1^, 1721 (C=O), 1677, 2365 (C=C); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.7 (s, 1H, Ar-C*H*O), 8.4 (s, 1H, *H*-triazole), 7.7--7.2 (m, 2H, Ar--*H*), 7.3 (d, *J* = 7.4 Hz, 2H, Ar--*H*), 6.9 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 5.2 (s, 2H, OC*H*~2~), 4.1 (t, *J* = 5.7 Hz, 2H, OC*H*~2~), 3.9 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 3.6 (s, 3H, ArOC*H*~3~), 2.3--2.2 (m, 2H, ArOCH~2~C*H*~2~CH~2~). ESI-MS (m/z) (%): 706 (C~38~H~38~N~6~O~5~), 433 (C~24~H~23~N~3~O~5~). Anal. Calc. For C~38~H~38~N~6~O~8~ (706.28): C, 64.57; H, 5.43; N, 11.88; O, 18.12 %. Found: C, 64.60; H, 5.44; N, 11.90; O, 18.22 %.

#### 4.2.6.3. 4,4\'-(((1,1\'-(((methylene*bis*(4-chloro-2,1-phenylene))*bis*(oxy))*bis*(propane-3,1-diyl))*bis*(1*H*-1,2,3-triazole-4,1-diyl))*bis*(methylene))*bis*(oxy)) *bis*(3-methoxybenzaldehyde) (3i) {#sec4.2.6.3}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with *bis*(2-(3-azidopropoxy)-5-chlorophenyl)methane **2i** (7.3 g, 16.8 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3i** was obtained in 58% Yield; m.p. 124--125 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2275 (C=C); ^1^H NMR (DMSO-d6) δ: 9.6 (s, 2H, Ar-C*H*O), 8.2 (s, 2H, *H*-triazole), 7.4 (d, *J* = 7.2 Hz, 2H, Ar--*H*), 7.3 (d, *J* = 7.3 Hz, 2H, Ar--*H*), 7.2 (s, 1H, Ar--*H*), 6.8 (d, *J* = 6.9 Hz, 1H, Ar--*H*), 5.1 (s, 2H, OC*H*~2~), 3.9 (s, 2H, Ar-C*H*~2~-Ar), 3.8 (t, *J* = 6.6 Hz, 2H, N~3~C*H*~2~), 3.7 (s, 3H, OC*H*~3~), 2.2--2.1 (m, 2H, ArOCH~2~C*H*~2~CH~2~); ESI-MS m/z (%): 814.2 (M^+^,100): Anal. Calcd for C~41~H~40~Cl~2~N~6~O~8~ (815.70); C, 60.37; H, 4.94; Cl, 8.69; N, 10.30; O, 15.69 %. Found: C, 60.40; H, 5.00; Cl, 8.70; N, 11.39; O, 15.70 %.

#### 4.2.6.4. 4,4\'-((((((ethane-1,1-diyl*bis*(4,1-phenylene))*bis*(oxy))*bis*(propane-3,1-diyl))*bis*(1*H*-1,2,3-triazole-1,4-diyl))*bis*(methylene))*bis*(oxy))*bis*(3-methoxybenzaldehyde) (3j) {#sec4.2.6.4}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 2,2\'-(ethane-1,1-diyl)*bis* ((3-azidopropoxy)benzene) **2j** (6.4 g, 16.8 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3j** was obtained in 56% Yield; m.p. 107--108 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2198 (C=C); ^1^H NMR (300 MHz, DMSO-d6) δ: 9.60 (s, 2H, Ar-C*H*O), 7.59 (s, 1H, *H*-triazole), 7.4 (d, *J* = 7.1 Hz, 2H, Ar--*H*), 7.3 (d, *J* = 7.5 Hz, 2H, Ar--*H*) 7.2 (m, 4H, Ar--*H*), 6.9 (d, *J* = 7.0 Hz, 4H, Ar--*H*), 5.2 (s, 2H, OC*H*~2~), 4.0 (t, *J* = 5.7 Hz, 2H, OC*H*~*2*~), 4.0 (s, 1H, Ar-C*H*-Ar), 3.8 (s, 3H, OC*H*~3~), 2.3--2.1 (m, 2H, ArOCH~2~C*H*~2~CH~2~); ESI-MS m/z (%):760.3 (M^+^, 100): Anal. Calcd for C~42~H~44~N~6~O~8~ (760.3); C, 66.30; H, 5.83; N, 11.05; O, 16.82 %. Found: C, 66.22; H, 5.80; N, 11.00; O, 16.80 %.

#### 4.2.6.5. 4,4\'-((((((methylene*bis*(5-methyl-3,1-phenylene))*bis*(oxy))*bis*(propane-3,1-diyl))b*is*(1*H*-1,2,3-triazole-1,4-diyl))*bis*(methylene))*bis*(oxy))*bis*(3-methoxybenzaldehyde) (3k) {#sec4.2.6.5}

According to general procedure 3-methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde **1a** (1.0 g, 5.3 mmol) 1 was reacted with 1-(3-azidopropoxy)-2-(2-(3-azidopropoxy)-4-methylbenzyl)-4-methylbenzene **2k** (6.6 g, 16.8 mmol) in the presence of copper (II) sulphate pentahydrate (0.07 g, 0.27 mmol) and 20 mol % sodium ascorbate (0.21 g, 1.06 mmol) for 12 h in DMF. After workup and purification **3k** was obtained in 67% Yield; m.p. 129--130 °C; IR (KBr) ν~max~/cm^−1^, 1700 (C=O), 1670, 2195 (C=C); ^1^H NMR (DMSO-d6) δ: 9.6 (s, 2H, Ar-C*H*O), 8.2 (s, 2H, *H*-triazole), 7.4 (d, *J* = 7.3 Hz, 2H, Ar--*H*), 7.3 (s, 2H, Ar--*H*), 6.9 (s, 2H, Ar--*H*), 6.8 (d, *J* = 7.5 Hz, 2H, Ar--*H*), 6.7 (d, 2H, Ar--*H*), 5.2 (s, 4H, Ar-C*H*~2~), 3.8 (s, 6H, ArO-C*H*~3~), 3.9 (s, 2H, Ar-C*H*~2~-Ar), 2.3 (s, 6H, Ar-C*H*~3~), 2.1 (m, 2H, ArOCH~2~C*H*~2~CH~2~); ESI-MS m/z (%): 774.3 (M^+^, 100); Anal. Calcd for C~43~H~46~N~6~O~8~ (774.3): C, 66.65; H, 5.98; N, 10.85; O, 16.52 %. Found: C, 66.60; H, 5.90; N, 10.90; O, 16.52 %.

4.3. Antimicrobial activity {#sec4.3}
---------------------------

The synthesized compounds (**3a-3k**) were tested against series of eight gram-positive bacterial strains including *B. subtilis* (ATCC6633)*; MRSA* (N315); *S. aureus* (ATCC25923)*; S. epidermidis (*ATCC12228*); S. saprophyticus (*ATCC15305*); S. pyogenes (*ATCC19615*); E. faecalis (*MTCC439*); VRE* and four gram-negative strains such as *E. coli* (JM109)*; P. aeruginosa* (ATTC15692)*; S. dysenteriae* (ATCC13313); *K. pneumoniae* (ATCC33495) by using standard protocol of agar well diffusion method on Mueller-Hinton agar (MHA). The nutrient agar of Merk was used and agar plates containing 24 h old culture of bacterial strains to get 10^4^--10^6^ colony forming units (CFU) in media. In general agar plates were inoculated by spreading these species on whole culture surface. A hole with a diameter of 6--8 mm was punched aseptically with a sterile cork borer at 25 mm distance from each other then 10 μL volume of the tested compounds in DMSO was introduced into the wells. The plates were then incubated at 37 °C for 24 h. A DMSO control (5% v/v) was also screened to ensure that the solvent did not inhibit bacterial growth. The inhibition zones were measured to the nearest whole millimeter using a meter ruler and all experiments were run in triplicate. The minimum inhibitory concentration (MIC) values were also determined by agar dilution method where MIC represented the lowest concentration that inhibited the bacterial growth. Stock solution was diluted to 2, 5, 10 and 15 μg/mL concentrations. No inhibition was observed with \>5 μg/mL concentration.

4.4. Computational methodology {#sec4.4}
------------------------------

### 4.4.1. Selection of target protein from PDB {#sec4.4.1}

The crystal structures of Thymidylate kinase (TMPK), having PDB ID as 4QGG was accessed from Protein Data Bank (PDB) ([www.rcsb.org](http://www.rcsb.org){#intref0010}). The TMPK, an essential enzyme in bacterial DNA biosynthesis, is an attractive therapeutic target for the development of novel antibacterial agents. The selected target protein was minimized with Amber force field by employing conjugate gradient algorithm in UCSF Chimera 1.10.1 \[[@bib35]\].

### 4.4.2. Designing of ligands and molecular docking {#sec4.4.2}

The synthesized ligands were sketched in drawing ACD/ChemSketch tool and minimized by UCSF Chimera 1.10.1. Molecular docking experiment was employed on all the synthesized ligands against TMPK by using PyRx docking tool \[[@bib36]\]. The grid box parameters values for TMPK were adjusted as center_x = 31.4238, center_y = 7.4971, center_z = -22.8764 while size_x = 41.8523, size_y = 49.3614, and size_z = 44.2556, respectively. The default exhaustiveness value = 8 was adjusted in both docking to maximize the binding conformational analysis. The docking poses for each docking were adjusted to obtain the best docking results. The docked complexes were evaluated on lowest binding energy (Kcal/mol) values and structure activity relationship analyses. The graphical depictions of all the docking complexes were carried out using Discovery Studio (2.1.0) \[[@bib37]\].
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[^1]: *B. subtilis, Bacillus subtilis* (ATCC6633)*; MRSA, Methicillin-Resistant Staphylococcus aureus* (N315); *S. aureus, Staphylococcus aureus* (ATCC25923)*; S. epidermidis, Staphylococcus epidermidis (*ATCC12228*); S. saprophyticus, Staphylococcus saprophyticus (*ATCC15305*); S. pyogenes, Streptococcus pyogenes (*ATCC19615*); E. faecalis, Enterococcus faecalis (*MTCC439*); VRE, Vancomycin-resistant Enterococcus*.

[^2]: (--): Inactive (no inhibition).

[^3]: *E. coli, Escherichia coli* (JM109)*; P. aeruginosa, Pseudomonas aeruginosa* (ATTC15692)*; S. dysenteriae, Shigella dysenteriae* (ATCC13313); *K. pneumoniae, Klebsiella pneumoniae* (ATCC33495).

[^4]: (--): Inactive (no inhibition).
